ABSTRACT. The Hubble Space Telescope with its UV and imaging capabilities will allow new methods of investigating cataclysmic variables to be used. It provides the first opportunity to obtain hightime-resolution UV observations of cataclysmic variables, both spectroscopically and photometrically. Phase-resolved observations of eclipses can now be obtained which will allow the UV surface-brightness distributions in accretion disks to be studied. Eclipses of white dwarfs that were not visible in optical light will be detected in some systems. Other variations such as dips (in dwarf novae, intermediate polars, and polars), flickering, and oscillations can also be resolved for the first time in the UV. Highspatial-resolution, long-slit spectroscopy, and imaging with the FOC and WF/PC can be used to study the physical condition and morphology of ejected material around novae, recurrent novae, and precataclysmic variables. The UV and Ha imaging capabilities will also enable searches for cataclysmic variables in globular clusters to be carried out further into their cores than has been possible before.
INTRODUCTION
In cataclysmic variables (CVs) a white dwarf is in a close orbit (typically separations are about one solar radius) with a late-type companion star. This companion star fills its Roche lobe and transfers mass onto the compact star via a gas stream and accretion disk. The white dwarfs in CVs can have extremely strong magnetic fields of -10 7 G and in some, called polars, the white dwarf corotates with the binary. In these systems, the accretion flow locks onto the magnetic field lines and is channeled onto the poles of the white dwarf; no accretion disk is formed. Often accretion takes place preferentially onto the pole nearest the inner Lagrangian point. In intermediate polars, the magnetic field is not strong enough to enforce corotation of the white dwarf. Usually it cannot disrupt the entire disk; a partial disk is formed outside the radius where the gas starts to follow the field lines (see, e.g., the review by Lamb and Melia 1986) . It has recently been suggested, however, that most intermediate polars do not have accretion disks (King et al. 1991 ) but this is not generally accepted at present.
There are several different types of CVs, e.g., those with high-mass-transfer rates such as nova-like variables and classical novae and those with low-mass-transfer rates such as dwarf novae. Figure 1 (a) shows a light curve of the eclipsing classical nova V Persei . Figure 1(b) shows that of the eclipsing dwarf nova Z Chamaeleontis ). Generally in the highmass-transfer rate systems the disk dominates the light curve whereas in the low-mass-transfer-rate systems the white dwarf and bright spot features can easily be seen. The dwarf novae have been divided into several subtypes 'Based on a talk presented at the First Hubble Symposium, 1991 October 22-23, Space Telescope Science Institute, Baltimore, MD. 2 Hubble Fellow.
on the basis of their outburst behavior. The outburst cycles vary from a few weeks to several years for different objects. Intermediate polars can also be dwarf novae whereas polars cannot, though they do have high and low states. Both can be classical novae. In some systems similar to CVs, the companion star does not fill its Roche lobe and accretion takes place via a wind only. These are classed as pre-CVs and their companion stars will eventually come into contact with their Roche lobes as the binary orbits shrink due to loss of angular momentum. This is lost through gravitational radiation and magnetic braking.
HST will dramatically advance the study of CVs. The most important advance is the sensitivity in the UV that the size of the telescope and the efficiency of the instruments provides. CVs have been extensively studied with other UV satellites, e.g., IUE and Voyager (la Dous 1990a; Polidan et al. 1990 ). But, because CVs are intrinsically faint, even the brightest systems required long exposures, ~30 min, to obtain a well exposed IUE spectrum. For quiescent dwarf novae several hours were needed. It has been impossible in the past to make detailed time-resolved observations in the UV. Using the FOS or GHRS in "rapid readout" mode, UV spectrophotometry with a time resolution of 10 s will be possible and with HSP time resolutions of a few milliseconds are possible. Rapid observations in the UV are not the only advantages HST has to offer. Its imaging capabilities with FOC and WF/PC will allow the study of extended structures around CVs in more detail than has been possible before and in the UV for the first time. This will improve even further when the corrective optics are installed. In this review I will briefly discuss observations of CVs that can be made with HST\ concentrating on high time-resolution UV data.
THE ACCRETION DISK
The accretion disk is a major contributor to the UV light. In high-inclination systems, such as those shown in Figure 1, the disk is eclipsed and so these systems are ideal in which to study its structure. Phase-resolved UV spectroscopy and photometry through eclipses of CVs will test models of the accretion disk. Several different models for calculating the spectra of accretion disks have been used in the past. Wade (1984) describes the results obtained by treating the disk as a series of stellar atmospheres with the temperature a function of radius. He compares the results for this model with those obtained using another approximation, the LTE plane parallel, isothermal slab models of Williams (1980) and Tylenda (1981) . Both approaches suffer from problems in detailed fits to the observations and stellar atmospheres cannot be used in an optically thin disk. Wood ( 1990) showed that often different models at a particular radius in the disk were indistinguishable at optical and longer wavelengths but were completely different in the UV.
Observations of eclipses in the UV and the use of eclipse mapping (Horne 1985) or light-curve synthesis techniques (Zhang et al. 1986 ) will give spatial information about the distribution of UV light over the disk, as they have in the optical. Doppler tomography of the emission lines will allow the distribution of line emissivity to be determined (Marsh and Horne 1988) . These results will constrain the disk structure more stringently. It is likely that the vertical structure in the disks will have to be included to produce reasonable models when these new constraints are included. Shaviv and Wehrse (1989) have done extremely detailed calculations for high-mass-transfer rate systems but not as yet for low-mass-transfer rate systems such as dwarf novae. Mineshige and Wood ( 1990) have done more simple calculations for the low-mass-transfer rate systems. Spatial information on the continuum surface-brightness distribution in the disk over a wide wavelength range and the line emissivity will allow the behavior of the viscosity, both radially and vertically in the disk, to be investigated.
To further our understanding of disks in CVs, eclipses of many different types should be observed, e.g., nova-likes, dwarf novae, classical novae, and intermediate polars, and the structure of their accretion disks compared. To cover many stages of CV evolution these should be observed over a wide range of orbital periods. CVs evolve from long orbital periods to shorter ones until the secondary star becomes degenerate, at which time the orbital period begins to increase again (Faulkner 1971 ). Short-term periodic variations in the orbital periods can occur superimposed on the long-term changes. It has been suggested that, immediately after a nova explosion, classical novae go through a period of enhanced mass transfer and then evolve into dwarf novae or even into systems where mass transfer does not occur (see the review by Shara 1989 ). There are a few CVs known which have become dwarf novae after a nova outburst, e.g., GK Persei (Nova Persei 1901) (Livio 1992) .
Changes in the accretion disks through dwarf nova outburst cycles can be followed by observing eclipsing systems through outbursts, including the rise, and through quiescence. The surface-brightness distribution in the disk can be mapped at each stage. A delay in the rise of the UV light relative to the optical light is known to occur during some outbursts (Hassall et al. 1983; Pringle et al. 1986 ). In the UV the heating and cooling fronts should be visible in the disk during rise and decline, so we should be able to see exactly how this occurs. There are two current theories of the dwarf-nova outburst mechanism (Meyer-Hofmeister and Ritter 1992). In the mass-transfer burst theory (Bath 1973; Bath et al. 1974 ) an instability in the secondary star causes the mass-transfer rate from the secondary star, and hence through the disk, to dramatically increase causing the disk to brighten by several magnitudes. In the disk instability model (Osaki 1974; Bath and Pringle 1982 ) the mass transfer from the secondary star remains unchanged but an instability in the disk itself causes the mass-transfer rate through the disk to increase. If the heating front moves from the outside inwards either the mass-transfer burst or disk instability outburst mechanisms would be possible. If, however, the heating front moves from the inside outwards only the disk instability model would be possible. In the disk instability model the luminosity from the disk increases through quiescence whereas in the masstransfer burst model it initially decreases then remains con-stant (e.g., Wood 1986 ). Some trends have been seen in optical and UV light through quiescence and on the rise to outburst, though these have been difficult to interpret (la Dous 1990b). A wide wavelength range is needed to know if the total flux from the disk is increasing since it is quite possible for the optical light to increase while the UV light decreases or vice versa. Another complication comes from the fact that the white dwarf is heated up during an eruption and cools down during quiescence. In general it is difficult to distinguish the disk light from the white dwarf light but by observing eclipsing systems the disk and white dwarf fluxes can easily be separated. Kim et al. (1992) have modeled the outburst cycle of GK Per, the only classical nova and intermediate polar that is also a dwarf nova. With the disk instability model they can successfully reproduce the observed outburst behavior. They predict a precursor to the outburst which is only visible in the UV. Time-resolved UV observations of eclipsing systems will be a powerful tool in distinguishing between the two outburst mechanisms. Such observations are planned with HST in cycle 1.
As Fig. 1(a) shows, in high-mass-transfer rate systems the white dwarf feature is not visible in the optical light curve. However, it is possible that in a few such systems the white dwarf eclipse will be visible in UV light. As a bonus of observing eclipses to study disks white dwarf eclipses may also be observed for the first time. This will allow much more accurate geometrical parameters (and hence masses) to be determined for these systems.
MAGNETIC CATACLYSMIC VARIABLES
In polars the supersonic accretion flow falls radially onto the white dwarf's surface forming shocks at the poles. Hard X rays are produced, with soft X rays and UV light emitted from the heated surface of the white dwarf (Frank et al. 1985; Watson 1986 ). Optical and IR light is produced by cyclotron radiation from the accretion column. The optical light curves of polars show the flickering that is typical of CVs. Figure 2(a) shows the UBVR light curves of half an orbital cycle of the polar AN Ursa Majoris (Ramseyer et al. 1992) . Since the white dwarf is in corotation with the binary in polars, magnetic phase is equivalent to orbital phase. The flickering is random but a power spectrum of each light curve shows a broad hump indicating that QPOs with period -1 s are present (Larsson 1990; Ramsey er et al. 1992 ). The power spectrum of the B light curve is shown in Fig. 2(b) . QPOs are also seen in a few other polars, e.g., V834 Centauri (Middleditch 1982) and EF Eridani (Larsson 1987) . As the QPOs are thought to be produced by oscillations of the accretion shock it is not clear why they are observed in some polars but not in all. By extending the search into the UV, where the amplitudes are expected to be larger than in the optical, more may be discovered.
In some polars the inclination is such that the magnetic poles pass behind the white dwarf as the binary rotates, e.g., VV Puppis (Cropper and Warner 1986) and ST Leo Minoris (Cropper 1986 ). Phase resolved observations Ramseyer et al. 1992.) with GHRS, FOS, or HSP will make it possible to map the UV emission on the white dwarf's surface and the UV emission-line regions. Until now this has only been possible in the optical. The UV emission lines are produced in different parts of the accretion flow from the optical lines and will therefore allow these areas to be studied for the first time.
The accretion poles of intermediate polars can also be occulted by their white dwarfs. However, for intermediate polars the white dwarf is not corotating with the binary and the occultations therefore occur at the white dwarf's spin period. The continuum and lines also vary with the orbital period. In Fig. 3 the emission line variations on the (Hellier et al. 1991) . Since the accreting poles rotate into and out of view on the spin period, intermediate polars show coherent oscillations, either at the spin period or at the beat period between the spin and orbital periods. They are seen in X rays with a much greater amplitude than in the optical but until now it has been impossible to observe them in the UV.
An intermediate polar, AE Aquarii, also shows QPOs (Patterson 1979) , though the mechanism of their formation is thought to be completely different to those in polars. The light from both the accreting poles is reflected by the inner edge of the disk, causing oscillations close to the spin period but modified since the reflecting material is moving with Keplerian velocity. The upper pole illuminates the top surface of the accretion disk which reflects the light from a range of radii, each with a different Keplerian velocity causing the oscillations to occur with a range of periods (Patterson 1979) . QPOs have been seen in other intermediate polars, e.g., in FO Aqr (Steinman-Cameron et al. 1989 ) and V795 Herculis (Zhang et al. 1991) . It is not clear if these QPOs are caused by the same mechanism that occurs in AE Aqr or the one that occurs in polars.
Recent results concerning the coherent oscillations in AE Aqr have cast some doubt on the canonical model for their production. A pulse-timing analysis places the coherent oscillations near one edge of the Roche lobe, rather than around the white dwarf ). De Jager (1991 has shown that the X-ray oscillations are in phase with the optical oscillations and have the same offset in the pulse-timing orbit. High time-resolution spectrophotometry (Welsh et al. 1992) has shown that the oscillations have a featureless blue continuum which must come from a region smaller than the white dwarf. In AE Aqr the amplitude of the oscillations will be stronger in the UV than the optical and should distinguish between blackbody and power-law models for the oscillation emission and put tighter limits on the size of the emitting region. No other intermediate polars have yet been studied in enough detail to determine whether these problems are a common feature or unique to AE Aqr.
WINDS
The most prominent lines in the UV in CVs are the resonance lines N v 1240, Si IV 1400, and C IV 1549. Many fainter lines are often detected. For dwarf novae in quiescence these lines usually appear as broad symmetric emission features (la Dous 1991). During outbursts and in high-mass-transfer systems the lines have profiles with blueshifted absorption plus emission at the rest wavelength, or redshifted emission in the C IV line, e.g., in the nova-like variable IX Velorum (Sion 1985) and the outbursting dwarf novae TW Virginis, RU Pegasi, RX Andromedae, and many others (la Dous 1991). This type of line is occasionally seen in quiescent dwarf novae. The IUE spectrum of WZ Sagittae in quiescence (Verbunt 1987) shows Mg II 2800 emission and possibly a weak C IV line with an emission and an absorption component. These asymmetric resonance lines are interpreted as coming from a wind (Holm et al. 1982) . They have been modeled by Drew (1987) and Mauche and Raymond (1987) . The relative amounts of emission and absorption depend on inclination, orbital phase, and disk spectrum. At high inclinations, emission dominates as the line forming regions in the wind are not projected against the disk, at low inclinations absorption dominates. Well resolved line profiles can be used to deduce the mass-loss rate and velocity law in the winds. Drew and Verbunt (1988) show the orbital variations in the UV line profiles of the outbursting dwarf nova YZ Cancri. Since the orbital inclination of YZ Cnc is low, -40°, eclipse effects cannot account for these variations. There must be some asymmetry in the wind structure or in the underlying disk. With the IUE data currently available only crude orbital phase resolution was possible. Observing the orbital dependence of the lines with HST will allow the asymmetries to be determined and the mechanism driving the wind can then be investigated. Observations through eclipses in high inclination systems, with a phase resolution of at least 0.05, can be used to estimate the mass-loss rate (Drew 1987) . A higher mass-loss rate yields a shallower eclipse.
DIPS
In several types of close binary systems "dips," irregular in shape and depth, are seen in the light curve. These are most often seen in X rays, e.g., in ten low-mass X-ray binaries (Mason 1986 ), the precataclysmic variable V471 Tauri (Jensen et al. 1986 ), intermediate polars (e.g., Pietsch et al. 1987 ) and dwarf novae during outburst (e.g., Mason et al. 1989 ). However, they are also some- times seen in the optical, e.g., in the dwarf nova WZ Sge during quiescence (Robinson et al. 1978) . They always occur in high-inclination systems (/>60°). In Fig. 4 the B-band light curve of the dwarf nova WZ Sge is shown . Shallow eclipses are seen at phase 0.0 with dips occurring at phases -±0.25 and + 0.35. Dips also occur in several polars (Mason 1985) . In the polar EF Eri they are seen in X rays, optical, and infrared . Although no dips have been resolved in the UV, during an outburst of WZ Sge UV data with crude orbital phase resolution were obtained (Naylor 1989) . One spectrum, at phase 0.7, was fainter, redder, with greater flux in the emission lines than the others. Low UV fluxes have also been seen at certain phases in OY Carinae and Z Chamaeleontis during superoutburst (Naylor et al. 1988; Harlaftis et al. 1992) . It is possible these were caused by dips.
The fact that dips in LMXBs and CVs seem confined to particular phase ranges has led to a model in which vertical structure in the accretion disk, fixed with respect to the binary, obscures the central source at particular phases (Mason 1986 ). These vertically extended regions could occur at the rim of the disk, or towards the center, and may be related to the gas stream. There is one major problem for this model: the fact that dips are seen in V471 Tau, where accretion takes place only via a wind, and which therefore has no accretion disk. This means that another, as yet unknown, mechanism for producing the obscuring material must be possible. The similarity of the dips seen in V471 Tau and LMXBs also suggests the possibility that the same mechanism is responsible and the disk may not be causing the obscuration in any of these systems. Explanations involving obscuring clouds at the L 4 and L 5 points have been suggested for the dips in V471 Tau (Jensen et al. 1986 ) but no convincing theory for how the clouds form there has yet been put forward. In polars the dips are probably caused when the gas stream passes in front of the X-ray/optical emission region at the magnetic poles of the white dwarf. In EF Eri, bound-free absorption is dominant in the X rays and free-free absorption in the optical and infrared.
HST provides the first opportunity to observe changes in the UV on time scales short enough to resolve these rapid events. A wide wavelength range, including the UV, will allow the temperature, density, and column density of the obscuring material along each line of sight through the dip to be fit. Models of the emitting regions, i.e., the compact star, the boundary layer, and the accretion disk, can also be investigated. The UV comes from a much more compact region than the optical light and thus we expect deeper and better defined dips in the UV than in the optical. The change in the shape and depth of the dips with wavelength will be sensitive to the size of the obscuring and obscured regions. The differences in the emitting regions between LMXBS and CVs may account for the relatively strong optical dips seen in WZ Sge compared to those in LMXBs. UV resonance lines produced in the wind come from an extended region and therefore the line strength and profiles may be affected over more orbital phase than the continuum. Any changes in line fluxes and the relative strengths of the absorption and emission components will constrain the position of the obscuring material causing the dip. These tests may confirm or rule out a bulge in the disk as the cause of the dips.
IMAGING
Many CVs and pre-CVs are surrounded by nebulae. The evolution of CVs has been discussed by various workers, e.g., Bond (1985) ; Taam and Bodenheimer (1989); and Webbink and Politano (1992) . CVs are thought to be descended from wide binaries in which the more massive star evolves into a red giant. Expanding as it evolves, the red giant fills its Roche lobe and starts to transfer mass onto its companion, a low-mass main-sequence star. The low-mass star cannot accrete mass at a high enough rate, and instead an envelope of gas forms around the two stars. During this stage, known as the common-envelope phase of evolution, angular momentum is transferred from the binary orbit to the envelope, ejecting the latter from the system. The binary emerges as a hot subdwarf and a low-mass mainsequence star in an orbit of much shorter period, surrounded by a planetary nebula. The hot subdwarf will then evolve into a white dwarf. Loss of angular momentum through magnetic braking and gravitational radiation will decrease the orbital period and eventually bring the mainsequence star into contact with its Roche lobe, initiating mass transfer. Many pre-CVs are known to be surrounded by planetary nebulae and a few CVs have what are believed to be planetary nebula remnants around them. With HST fainter nebulae can be studied, greater spatial resolution obtained, and images obtained in the UV for the first time.
A review of classical novae is given by Starrfield (1988) . After a nova explosion, novae develop extended shells with masses of -10 -4 (Gallagher and Starrfield 1978) . The shell may include matter from the white dwarf itself in addition to material it had accreted. Unlike planetary neb-ulae the expansion velocity is large ( ~ 1000 km s -1 ) and the shells fade after a few decades. In recurrent novae eruptions occur every few decades and more than one shell can sometimes be observed. For example, in T Pyxidis three shells are seen ). With ground-based observations, for all but the closest novae, by the time the shells are large enough to be resolved they are too faint to be observed. The spatial resolution of HST will allow many more nova shells to be studied.
The FOC and WF/PC can also be used to search for CVs in globular clusters. Theoretical computations (Hut and Verbunt 1983) have predicted dozens of CVs in globular clusters which have so far eluded observers. Despite much effort only four confirmed CVs have been found in globular clusters (Margon and Boite 1987) . One of these has recently been shown to be a foreground object (Machin et al. 1991) . It has been suggested that the lowluminosity X-ray sources in globular clusters are CVs (Hertz and Grindlay 1983) but no optical counterparts have ever been found. More recent theoretical calculations (Bailyn et al. 1990 ) have reduced the predicted number significantly from earlier work. The true number of CVs is uncertain at the moment since it is difficult to search into the cores of the clusters with ground-based telescopes. With its spatial resolution globular clusters can be searched much further into the core with HST. CV candidates can be identified either by Ha imaging or by looking for variability in the UV. Such searches are planned during cycle 1. 
